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1.0 SCOPE

~ This docunent specifies the performance testing, and
calibration requirenents of the Advanced M crowave SbundinP Unit-A
(AVBU-A).  The conplete AVMSU system includes two functionally
i ndependent units, AMSU-A and AMSU-B [or Mcrowave Humdity
Sounder (MHS)], to be used for obtaining data that will be used to
conput e atnospheric tenperature and water vapor profiles. AVSU-A
Is a 15 channel tenperature profiling unit and AMSU-B (or MHS) is
a five channel water vapor profiling unit. This specification
covers AMSU-A only.

One of the functions of the AMBU-A is to provide data in
support of the Atnospheric Infrared Sounder (AIRS). This
speci fication covers AVSU-A only.

The AVMSU-A shall be a line-scan instrument designed to
measure scene radiance in 15 channels to permt the calculation of
the vertical tenperature profile fromthe Earth's surface to about
3 mllibars pressure height. The radiometer shall be a total

ower system having a nomnal field-of-view (Fov)yof 3.3 at the
alf power points.

The instrument beans shall scan the earth view ng sector a
total of 96.86° (£48.33° from nadir) on beam centers.  There shal
be a total of 30 beam positions (30 resolution cells spaced 3.33°
along the scan line). These shall be designated cell nunbers 1
t hrough 30 as the scan progresses counter clockwi se as one | ooks
in the direction of the spacecraft orbital velocity vector. There
shall be 15 cells on either side of nadir. The beam center
position of each cell is _geparated from the adjacent cell along
the scan direction by 3.33° (there shall be a noncunulative step

t ol erance of +£0.04°).

Primary onboard calibration will be acconplished using an
onboard bl ackbody target and col d space as energy reference
sour ces.

2.0 APPLICABLE DOCUMENTS AND NOTES
2.1 APPL| CABLE DOCUMENTS

~The follow ng docunents shall apply. Revisions in effect on
the issue date of this specification shall apply, except as
otherwi se noted. Unless otherw se specified for METSAT, order of
precedence is UIS GI1S S 480-80. Unless otherw se specified
for ECS, order of precedence is UID GRD S 480-80

2.1.1 Specifications

S-480-79 Perf or mance Assurance Requirenents for
the Advanced M crowave -Sounding Unit
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DOD- D- 1000
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Requi renents, Controlled Environnent

I dentification Marking for U. S
Governnent Property

Measurement of El ectromagnetic Interface
Characteristics

Requi rements for Equi pmrent o
El ectronmagnetic Interface Characteristics

Mlitary Specification Draw ngs, _
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2.1.3 METSAT Other Documents

RCA 1S 3267415

RCA | S-2617547,
RCA | S-2624483

METSAT Ceneral Instrunent Interface
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AVBU-A Unique Instrument Interface
Speci fications (UIIS)

2.1.4 ROS PM Project Documentation

422-11-12-01

422-12-12-02

422-12-12-05

420-03-01

422-10-04

GMI 8010.2

ECS General Interface Requirenents
Docunent

ECS Uni que Instrunent Interface Docunent
(UID) for the AMBU-A | nstrunent

I nstrunent Description Docunment (I1DD) for
the AVBU A

ECS Proj ect January 30,
Calibrati on Managenent 1990
Pl an

ECS Software Managenent Plan

C assification of April 11,
GSFC Orbital Flight 1990
Projects and

Determ nation of Commensurate

Per f ormance Assurance

Requi renent s
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2.2 NOTES
2.2.1 cContractor/Subcontractor

This specification is witten as though it were applicable

only to a single contractor ﬁg onittin? the term subcontractor
and ot her subcontractors. Thé use of the term contractor then

denotes primary contractor; Subcontractor then denotes principa
subcontractor.

Should it be necessary for the primary contractor, the
princi pal subcontractaor, and other subcontfactors to generate
SEeciflcations for flight equipnent, the requirenments and
p

raseol ogy as applicable in this specification shall be
applicable.

2.2.2 Technical Officer

The term technical officer (TO wused herein applies to the
responsi bl e manager of an organization to whom technical and
resource information is comunicated as well as who takes
appropriate action on the information.

3. 0 PERFORVANCE_REQUIREMENTS

The AVBU- A shall be a 15-channel total power m crowave
radi oneter system Table 1 presents the essential channe
characteristics. AMSU-A shall be divided into two physically
separate nodules having the follow ng characteristics:

(1) ALl the 5 mllineter oxygen band channels (channels 3
t hrough 14) and channel 15 nust be contained within one
nodul e (designated as AVBU Al)

(2) The second nodul e shall contain channels 1 and 2 and
shal | be designated as AVBU A2.

(3) Each nodule nust operate and interface with the
spacecraft independently.

3.1 OPERATI ONAL REQUI REMENTS
3.1.1 Nominal (rbital _Parameters

The ECS AVBU-A will be flown in a 1:30 PM ascendi ng node,
circul ar sun-synchronous, near-polar orbit at an altitude of
approxi mately 705 km  The METSAT will fly AMor PMorbit at
approxi mately 850 km
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3.1.2 gperational Modes

ECS only -- The following are required operational nodes for
t he AVBU A (The AMBU-A contractor shall reconmend the instrunent
configuration for these nodes.)

(1) Activation Mode: Initial turn-on and warmup of the
[ nstrunent.

(2) Operational Mode: Normal operation of the instrument.

(3) Safe Mode: Engineering data is collected but science
data is not.

(4) Suxvival Mode: Energency off node; this is for a
spacecraft energency and the intent is that al
instrunents wll be reactivated upon spacecraft recovery.
Initiation of this nmode shall require a m nimum of
commands; ideally no instrunment reconfiguration is.
necessary before operating power is cut off.  Survival
heaters connected to a separate bus shall be provided, as
necessary, to protect the instrunment in this node.

3.2 CHANNEL ASSI GNVENTS/ REQUI REMENTS
3.2.1 Center Frequency

Table 1 lists the center frequency channel assignnents to be
used in the AVBU A

3.2.2 Channel Bandwidth

Channel bandwi dths, defined as the hal f-power point
bandwi dth, are listed in Table 1 and are the maxi num acceptabl e
bandwi dth per pass-band. Figure 1 is a schematic of the pass-band
bandwi dt hs. | channels, regardless of the number of pass-bands,
shal | have only one output per channel. Each pass-band, wthin
any one channel, shall-have equal systemgain within 1 dB.

3.2.3 oQut-of-Band Rejection

The channel selection filter (IF) characteristics shall be
such that at frequencies 0.65 tinmes the specified half-power
bandw dths away from the band center the filter gain shall be a
m ni mum of 40 dB bel ow the band-center value. Al these
frequencies the ripple shall be at |east 39.5dB bel ow t he band-
center val ue.

3.2.4 Stop-bands

For channels 1 through 4, channels 6 through 9, a stop-band
with a maxi num bandw dth of 20 MHz, centered at the band center
may be used to renove local oscillator noise. For channel 15, a



Table 1. AMSU-A Channel Characteristics
POLARIZATION
CENTER
NO, OF ) ) FREQUENCY TEMPERATURE | CALIBRATION BEAM
CENTER PASS BANDMIDTH STABILITY SENSITIVITY ACCURACY DIAMETER ANGLE 99
CH NO. | FREQUENCY | BANDS {MHz) (MHZ) (K) NEAT (X) 0y (degree)
1 23800 MA: 1 270 10 0.3 2.0 33 v
2 31400 MH2 1 180 10 0.3 2.0 3.3 v
3 50300 MHz 1 180 10 0.4 1.5 3.3 v
q $2800 MH:z 1 400 5 0.25% 1.5 3.3 v
S 53596 MH:2 e 170 S 0.25 1.5 3.3 B
2115 MHz
[ 54400 MHz 1 400 5 0.25 1.5 3.3 H
7 54940 MHz 1 400 S 0.25 1.5 3.3 v
55500 MKz 1 330 10 0.25 1.5 3.3 H
9 57290.344 1 330 0.5 0.25 1.5 3.3 H
MHz = £L0
10 £1.02217 MH2 2 78 0.5 0.4 1.5 3.3 H
11 fLot322.2 4 36 1.2 0.4 1.5 3.3 H
448 MHz
12 fLot3z2.2 ¢ 16 1.2 0.6 1.5 3.3 H
222 MH:
13 frLot322.2 4 [} 0.5 0.80 1.5 3.3 H
110 MH:z
14 frot322.2 q 3 0.5 1.20 1.5 3.3 H
4.5 MH:
15 89,0 GH: 1 6000 50 0.5 2.0 3.3 v

08-08%-5
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stop-band with a maxi num bandw dth of 1 Gnz, centered at the band
center, may be utilized to remove |ocal oscillator noise. stop-
bands may al so be used to renove any Radio Frequency Interference

(RFI) as required.

3.2.5 Receiver Subsystem Implementation

A bl ock diagram of the receiver subsystem for inplementation
for AVBU-Al is provided in Figure 2. A simlar inplenmentation for
AVBU-A2 is provided in Figure 3. Note that SAWfilters are to be
enpl oyed for channels 11 through 14.

3.2.6 Gain Stability

The band center gain of each passband shal | vary no nore than
+2dB over the operating tenperature range and |life of the

i nstrunent.

3.2.7 Center Frequency St -

The center frequency stability values listed in Table 1 are
t he maxi mum devi ation from the channel center frequency for both
| ong-term and short-term periods. Long-term neans that the
stability nust be maintained over the Operational life of the

i nstrunent.
3.3 SAVPLE PERI OD AND | NTEGRATI ON TI ME

The sanple period is defined as the integration time per
resolution cell (hereafter called integration tine) plus the tine
necessary to clear the integrator to assure independent sanples of
sequential integration periods. The sanple period shall be
identical for all beam positions. The sanple period shall be
chosen by the contractor to be consistent with the requirenents
set forth in this specification. Principally, the total scan
period for 30 Earth view resolution cells (one sanple period each
and two calibration target resolution cells (one hot and one col
with a mninmmof two sanple periods each) shall be 8 seconds.
For each resolution cell, the sanple period of all channels shal

be coi nci dent.
3.4 TEMPERATURE SENSITIVITY -- NEAT

Tenperature sensitivity (NEAT) of a radiometer is defined as
the m ni mum detectabl e chan?e of the brightness tenperature
incident at the antenna collecting aperture. For the purpose of
this specification, the NEAT values listed in Table 1 shall be
defined as the standard deviation of the radiometer output in
degrees Kelvin (K) when the antenna is viewing a 300° K uniform

target.
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3.5 CALI BRATI ON
3.5.1 In-Flight Calibration

There shall be two in-flight calibration neasurenents during
each scan period, a "hot" calibration and a "cold" calibration.

Each calibration nmeasurement shall conprise am ninumof two
sanple periods. Al channels shall utilize a "through-the-
antenna" calibration method whereby the calibration targets are
viewed by the antenna main reflector.

The =cold" calibration target shall be the cosm c background
radi ati on (cold space). At the cold calibration position, the
antenna system shall have a clear unobstructed view of cold space.
The "hot" calibration target shall be an instrument anbient target
(nomnally 300 k).

The heat flow through the hot target shall be mnimzed. A
m ni mum of 4 independent platinumw re type tenperature sensors
shall be distributed through the target for AVBU-A, a m nimum of
7 for AMSU-A2, SO as to assure know edge of the therna
tenperature to fO 10 K The brightness tenperature of the target,
at the relevant mcrowave frequencies of the AVBU-A shall be
known to an accuracy of 20.2 K This accuracy shall include the
error in the know edge of the thermal tenperature of the target,
residual tenperature gradients across the target, and the
uncertainty in the mcrowave emssivity. [The targets shal
achieve a calculated effective emssivity of 0.9990 or greater.]

3.5.2 calibration Accuracy and _Repéat -

3.5.2.1 General -- Calibration accuracy and repeatability are
defined as the difference (error) between the brightness
tenperature inferred from the mcrowave radioneter (referred to
the antenna coIIectinE aperture) and the actual brightness
tenperature of a blackbody test target directly in front of the
antenna. Calibration accuracy is the average long-termerror wth
a time scale longer than 24 hours. Calibration repeatability is
the short-termerror (drift, etc.) of 16-second continuous
calibration averages. The sensitivity (NEAT) specifications apply
to single integration time intervals referenced to 60-second
averages. The calibration accuracies are listed in Table 1.
Calibration repeatability for all channels shall be |ess than

0.3 K

3.5.2.2 Rnalyses -- The contractor shall denonstrate through

| aboratory testing and anal yses that the overall calibration
accuracy, Wwhen the instrument is used in its orbita

configuration, neets the requirements of Table 1. The overall
accuracy includes errors contained in the |aboratory tests and
other effects including (1) transition from the |aboratory

simul ated col d space target to the in-orbit cold space target, (2)
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em ssions from the spacecraft and/or other instrunents entering
the near fields of the radioneter-antennas, (3) tine dependent
degradation of the reference targets, (4) the error in the

know edge of the thermal tenperature of the target, residua
tenperature gradients across the target, and the uncertainty in
the mcrowave emssivity, and (5) the accuracy of the test

equi pment.  Likew se, the calibration repeatability shall be
denonstrated to be within the channel NEAT for a time period no
|l ess than 200 seconds.

3523 Calibration Algorithm-From the <calibration results,
the contractor shall provide the in-orbit antenna tenperature
calibration algorithm for each channel of the protoflight and each
flight nodel. This algorithmwll be included in the Calibration

Log for each nodel (see section 6.3).
3.6 SYSTEM DYNAM C RANGE AND LI NEARI TY

The dynam c range of the radiometer system shall be from3 to
330 k. Wthin the dynamc range, the radionmeter output shall be
essentially linear wth respect to the input brightness _
tenperature at the antenna aperture. The residual nonlinearity,
defined as the departure fromthe expected value of an ideal
linear radioneter, at all points within the dynamc range, shall
be smaller than 0.25 tines the calibration accuracy values listed
in Table 1 and shall not vary by nore than the NEAT val ue over the
instrument nominal operation tenperature range.

3.7 ANTENNA SYSTEM

3.7.1 Beamwidth

The antenna beamwi dth of all AMSU A channels shall be 3.3°.
The beamni dth is defined as the half-power points beamm dth
(HPBW) . The beamwidth in any plane containins the main beam axis
(el ectrical boresight axis) shall be within plus or mnus #10% of
the 3.3° value. Beamnidth variation from channel to channel shal
be smaller than 10% of the specified beamw dth val ue.

3.7.2 Polarization

The polarization requirenment (8p) i s specified in Table 1.
Notice that the polarization angle changes as a function of the
scan angle. The polarization angle is defined as the magnitude of
the angle between the electric field vector of the incomng
radiation and a line which is the intersection of a plane
perpendicular to the propagation direction of the incom ng
radi ation and a plane tangent to the earth surface. Scan angle is
defined as the angle between nadir and the antenna electrica
boresi ght direction.

!

~ Wth respect to Table 1, vertical polarization is defined as
having the polarized vector in the sun-nadir plane when the beam

11
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is pointing at nadir. Horizontal polarization is defined as
having the polarization vector in the velocity-nadir plane when
the beamis pointing at nadir.

3.7.3 Beam Scanning

Each channel of the AMBU-A is considered to forma beam Al
mai n beam axes of the AVBU-A shall be coincidental, i.e., they
shal | be pointing in the sanme direction at the same tinme for any
given beam position. (See section 3.7.3.4 for pointing accuracies
required. In the follow ng sections, if only one beam is
discussed it is inferred to represent any and all beans.

3.7.3.1 Cross-Track Scan -- The AMSU- A beans shall have cross-
track scanning. Al beans shall scan in a plane perpendicular to
the spacecraft orbital velocity vector. The sense of the scan
shal | be counter clockw se as one |ooks along the spacecraft
orbital velocity direction, namely, the antenna scans from the sun
direction through nadir to the cold space direction and repeats as
illustrated in Figure 4.

3.7.3.2 Scan Motion and Pattern -- The AMSU-A antenna scan notion
shall be a "step" .scan type.

In the step scan, the antenna "steps" (noves from one beam
position to the adjacent beam position) and stops at each beam
position for a period equal to the sanple period, plus a "settle"
time, sufficient to insure a maximmjitter (Percentage
over shoot/under shoot of the antenna step) as follows Al: a jitter
up to +10% is allowed for any 10 ns period in the first .33 of the
step period. COherwise, the jitter shall be less or equal #5%.

A2: a jitter up to +10% is allowed for any 20 ms period in the
first .33 of the step period. Qherwise, the jitter shall be less
or equal #5%. The step time for the 30 Earth view beam positions
shal | be equal

The AVMBU- A beanms shal |l scan the earth viewing sector a tota
of 96.66' (+48.33° fromnadir) on beamcenters. There shall be a
total of 30 beam positions (30 resolution cells on the earth
surface), to be called cell numbers 1 through 30, fromsun to
antisun. There shall be 15 cells on either side of nadir (see
Figure 4). The beam center position of each cell is %%Parated
from the adjacent cell along the scan direction by 3. 33° (there
shall be a noncunul ative step tol erance of 10.04°).

There shall be 4 beam positions selectable by command, to
provide a cold (space |ook) calibration position. The primary
cold calibration beam position shall nomnally be at 6.66° from
the sun X velocity plane in the nadir direction. The three
"alternate"” cold calibration positions shall nomnally be at
8.33°, 10.00° and 13.33' declinations.

12
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(3) The STE shall provide an interface with the AVSU-A
cal i bration blac..odies such that the blackbody
tenperature circuit data wll be automatically entered
into the automated data system and correlated with the
AVSU- A brightness tenperature data.

(4) The STE shall provide tests for all significant AVSU-A
and STE vol tages and signals.

(5) The STE shall operate forma 115 volt, 60 Hz Iine.

(6) The STE shall include self-test features to insure
proper operation.

(7) METSAT only -- The STE shall furnish all power, clock
frequencies, AIP and TIP timng signals and correct slot
enabl e signals, and conmands needed by the AVBU-A and
nornal |y supplied by the spacecraft. ~The STE shall be
designed to duplicate all interfaces normally supplied
by the spacecraft.

(8) METSAT only -- The STE shall furnish clock frequencies
(1.248 Mz per G1S section 3.1.4.3) and data system
timng signals (8 second frame sync) for use by the
AVBU-B STE during conpatibility testing.

(9) ECS only -- The STE shall furnish all power, clock
frequencies, timng signals and correct slot enable
signals, and commands needed by the AMBU-A and normal |
supplied by the spacecraft. The STE shall be designe
to duplicate all interfaces normally supplied by the
spacecraft.

(10) The contractor shall purchase and design the STE
automati c processing equipnent. The equi pnent nust, at
a mninmm be capable of generating self-test prograrmns,
command sending and verification prograns, checks, etc.,
and anal yzing the data from the AVSU A

5.3 CALI BRATI ON TEST EQUI PMENT
5.3.1 General

The contractor shall supply calibration test equipnent.
Calibration equiprment will be utilized at the contractor's
facility to fully calibrate the AMSU-A prior to shipnent to the
spacecraft contractor's facility. One set of calibration
equi pmrent will be delivered with the protoflight nodel for use at
the spacecraft contractor's facility during all spacecraft [evel
tests.

The calibration equipnment intended for use at the
contractor's facility shall consist of one variable controlled
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"earth" bl ackbody target, one fixed "space" bl ackbody target, one
controller for the targets, mountiag hardware, and cabling.

The calibration equipment to be delivered to the spacecraft
contractor's facility shall consist of one fixed tenperature
"Space" target identical in design to the calibration blackbody
target for use at the contractor's facility, one controller for
the. targets, and cabling. (Al equipment sent to the spacecraft
contractor's facility shall neet additional requirenents called
out inthe GlIS and UIS for METSAT, G RD and | DD for EGCS.)

5.3.2 Blackbody Calibration Targets

5.3.2.1 General -- These bl ackbodi es shall be used at the
contractor's plant to provide the baseline calibration of the
AVSU-A which will be used to denonstrate the flight worthiness. of
the instrument and to calibrate the instrunents. = Actual in-flight
calibrations will be acconplished by the on-board targets and
"cold" space. At the spacecraft contractor's facility, the second
set of targets will be used in thernal/vacuumtesting to check the
i nstrunment operation.

5.3.2.2 Requirements

(1) Location and Mounting - In operation, one target will
fill the instrument's field-of-view in one earth facing
beam position while the second target will fill the
instrunent's field-of-view fromthe "cold" space |ook
position. The targets wll be electrically and
thermally isolated fromthe AVSU A

(2) Effective Emissivitv - The em ssive surfaces of the
targets in a set shall be identical. The targets shall
achieve a calculated effective emssivity of 09990 as a
m ni num val ue to be assured, wth the value of 0999 as
a desi%n/neasurenent goal. Their actual emssivity
shall be used in calculating the'target effective
bl ackbody tenperature.

(3) Temperature Accuracy - The bl ackbody shall be designed
and installed so that the tenperatures neasured wth
pl ati num thernonmeters, placed in selected areas of the
radiating plate, wll be representative of the effective
bl ackbody tenperature to within 0.05 K for calibration
targets, and 0.1K for on-board targets.

(4) Gradients - The target shall be designed so that the
effective surface tenperature over the area viewed by
the AMSU-A instrument shall be uniformto within 0.075 K
at any tenperature in the operating range. This
requi renent may be verified analytically.
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- The effective bl ackbody

Qperating Temperature Range

radi ating surface tenperature for the "Earth" target
shal | be controllable over the range 84 K to 330 Kin
vacuum The "space" target shall operate at liquid
ni trogen tenperatures.

i - The targets shall be
able to be stabilized to 0.1 K.

amplitudeof Controller Cycling - The controller cycling
anplitude shall not exceed 0.09 K

Cooling - The variable target and controller nust be
able to attain a controlled tenperature of 84 K within
four hours after start-up at 25°C in vacuum The fixed
target shall attain a stable tenperature within six
hours after turn-on.

Step Change- The target and controller shall be
designed so that the target stabilization at any
tenperature in the 84 Kto 330 K range, the target
tenperature can be changed 25 K and restabilized within
3 hours maximumto #6.1 K. (A 50 K step shal
restabilize within 3 hours maximumto +0.1 K.)

Thermal QOff-Loading - The design of the targets shall be
such that the change of tenperatures anywhere within the
AVBU- A shall not exceed nore than 3°c fromthe norm
(spacecraft interface tenperatures held constant).

- The tenperatures of
the targets shall be neasured with platinum resistance
sensors whose calibration is traceable to the NIST.  The
sensors will be placed in the target radiating surface
at positions which will represent the tenperature seen
by the instrument. The contractor shall design and
supply circuitry to readout the platinum sensors. The
sensors shall be powered and readout through the system
test console. The sensor readout shall be designed to
be sanpled and formatted onto the magnetic tape al ong
wWith the instrunent data. The tenperature readout
circuitry shall be designed to achieve and accuracy of
0.05° ¢. The platinum wire sensor |eads shall be
electrically isolated fromall other parts of the
target.

5.3.3 Blackbody Spacecraft Test Targets
5.3.3.1 General -- These blackbody targets shall be used at the

spacecr aft

contractor's facility during spacecraft thermal vacuum

testing to verify the instrument operation.
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5.3.3.2 Requirements

(1) Target Style -- The targets shall be identical in design
to the "cold" space |ook position calibration blackbody

target.
(2) Lecation and Mounting -- The target shall be designed
such that the target will fill the instrument's field-

of-view in one beam position. The spacecraft contractor
shal | design and fabricate the fixturing to nount the
targets in the spacecraft checkout thermal/vacuum
chamber. This fixture will position the targets within
1/4 inch of the instrunent during testing. (During non
test periods, the targets will be pulled away from the
instrunent.) The spacecraft contractor will also supply
the solenoid and plumbing for controlling the liquid
nitrogen flow rate.

5.3.4 Target Temperature Control Unit

5.3.4.1 General -- The contractor shall provide control units for
the bl ackbody targets. The control unit shall be designed to
ﬁrlve rﬁflstance type heaters operating against a liquid nitrogen
eat sink.

5.3.4.2 control Console -- The target console shall be capable of
controlling the variable target independently and shall have

i ndependent digital tenperature read-out equipnent with a
resolution of 0.05 C. The console shall have provision to read
the target tenperatures.into the STE or the spacecraft
contractor's data handling system The console nust have conplete
facilities for controlling the target tenperatures as well as
discrete outputs for nonitoring each platinum resistance
thernoneter, the tenperature set point, and the target status.

The output to the spacecraft contractor's data handling system
shall be provided as a bufferred O to 10 volt signal as a function
of target tenperature. In addition, the console shall contain a
test point and selector- switch so that any output can be

i ndi vidual l'y nonitored.

5.3.4.3 cables -- The contractor shall provide all cabling
required for operation of the control consoles, including a set to
be delivered to the spacecraft contractor's facility for
interfacing the console and the spacecraft checkout targets. (The
spacecraft contractor will provide extender cables to interface
between the consol e and spacecraft checkout targets when the
targets are installed in the spacecraft test chanber).

5.4 HANDLI NG FI XTURES
The contractor shall supply handling fixtures for the AVBU A

modul e(s) for use in noving the instrunent between work/test
stations. This handling fixture shall also be an integral part of
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the shi pping/ storage cont ai ner for each nodel for use in renoving
and returning the AVBU- A tc thecnntainer.

Handl i ng/installation fixtures. for use during spacecraft
integration shall also be supplied. The requirenent ‘for these
fixtures may be deleted if the primary handling fixture for the
AVBU- A can function as the integration handling fixture.

5.5 TEST FI XTURES

The. contractor shall provide all test fixtures necessary to
verify the performance, calibrate, and qualify/acceptance test the
AVBU- A as specified in Section 6.0 Performance Assurance
Requi renent s.

5.6 DRILL JIGS

ECS onIK - The contractor shall supply one drill tenplate
that neets the requirenents of Section 3.4.5 of the G RD.

5.7 SH PPl NG STORAGE CONTAI NERS

The contractor shall provide a reusable water resistant and
air tight shipping/storage container for each unit. The contai ner
shal | incorporate neans of purging with dry nitrogen. The
contai ner shall incorporate means of neasuring and recording
shocks and tenperature within the container.

6.0 PERFORMANCE ASSURANCE _REOQUIREMENTS
6.1 GENERAL

The contractor shall establish an organi zed program for
denonstrating that the AMSU-A design neets the functional
requirements, that the hardware has been manufactured properly and
wil'l operate properly, and that software neets design and m ssion
requirenents. he contractor shall inplement and maintain a
performance assurance program as delineated in "Performance
Assurance Requirenents of the Advanced M crowave Sounding Unit-A
(AVBU-A), " S-480-79.

6.1.1 Test and Calibration Procedure

~As a mninum the contractor shall prepare test and
cal i bration procedures covering the requirements in Section 6.2,
6.3, and 6.4. Prelimnary test and calibration procedures shall

be submtted to the TO at |east 30 days before testing or _
calibrating will conmence. The tests”wll be sufficient as judged

b¥ the TO to obtain all information needed for full interpretation
of the orbital data.
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6.1.2 Documentation of Tests and Calibrations

The contractor shall organize the results of all tests into
test reports which shall be submtted within 1 nmonth after test
conpletion. He will also organize and naintain a test and
calibration data |og book(s) which shall becone a record of all
tests which could ard in the interpretation of the orbital data,
and all calibrations nade for the instrument. The tests and
calibrations will be summarized in a calibration algorithm
(section 3.5.2.3) which will be_included in the test and
calibration data | og book(s). The test and calibration |og
book(s) shall be delivered within 1 nonth after instrunent
delivery.

Al'l recorded STE data for thermal vacuum and calibration
testing shall be archived at the contractor's facility for a
period of three (3) years post launch for each instrunent. One
copy of the recorded data shall be delivered on optical disc (1.3
GB) in PC compatible ASCII format. Data to be included on the
tapes shall include all therm stor calibration values; all
calibration curves for platinum tenperature sensors; calibration
curves for all voltage monitors; all telenetry, and housekeeping
data recorded during the calibration test runs (instrument/
spacecraft interface tenperatures) as specified in specification
section 6.3.3.1, Table 2. Antenna pattern data for each
instrunent shall be included in the instrunent calibration |og
book(s) and shall be delivered on PC conpatible ASCII file floppy.

6.1.3 Performance

_ The contractor shall perform a bench check of the instrument
i mredi ately before and after each of the qualification or
acceptance tests specified (section 6.3).

6.1.4 Retesting

In the event of a failure during qualification or acceptance
testing, the contractor may be required to rerun the conplete test
starting at the be?inning of whichever test the failure occurred.
The exact nature of the retest shall be determned jointly by GSFC
and the contractor.

6.1.5 Limits Programs

The contractor shall develop a programto monitor all
functions of the AMBU-A on a real-tine basis. Certain functions
shal | be designated as critical and the program wil|l be designed
to shut down the instrument if these becone out-of-linits. The
program shall be designed to verifK all operational nodes and
print out ang tolerance itens. '"he contractor shall use the

0

rogramto thoroughly check the subsystem data outputs. It will
e used to detect intermttencies and failures during extended
periods of automatic system operation. It wll continuously
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monitor all prine data, verify that they remain between preset
limts, log all discrepancies detected using the printer, and W ||
shut down the systemin case of critical failures.

62 SYSTEM PERFORMANCE TEST REQUI REMENTS
6.2.1 General

Denonstrations of the performance characteristics (functiona
testing) of each nodel of AMSU-A are to be nmade to insure
confidence that all subassenblies, assenblies, and nDd¥Jes meet
the performance requirenments of this specification. The general
test plan and test specifications, as defined in the PAR, shall be
generated by the contractor and approved by the TO

6.2.2 Eunctional Test Philosophy

A mnimm required functional test philosophy, but not a
complete listing of functional tests that may be necessary, is
illustrated in Figure 7. Note that the order or grouping is not a
specific requirement. After careful planning by the contractor, a
different order or grouping would |ikely result and would be
included in the test plan and specifications. Specific
requirenents for certain delineated tests are included in
foll ow ng sections.

6.2.3 Band-Pass Characteristics

The band-pass characteristics nust be measured and fully
documented for each channel of each instrument. At each frequency
band, the band-gass characteristics (gain versus frequency) shall
be nmeasured in both a swept response test and at a m ni mum of
twenty discrete frequencies; 10 of these points within the pass-
band, and the renaining points outside the pass-band (5 above and
5 bel ow).

6.2.4 System Linearity

The system linearity requirenments shall be denonstrated by
| aboratory tests simlar to the preflight calibration test (see
section 6.3). The external target test(s) shall cover the range

of 84 kto 330 k. The contractor nust use other substitution type
tests and/or analyses to establish the linearity down to 3K

6.2.5 Temperature Sensitivity == NEAT

The tenperature sensitivities (NEAT) shall be established
using the follow ng conditions:

(1) The antenna shall view a 300 K constant brightness
tenperature target..
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(2) The bandwidth and integration time are the same as if
the radi ometer were in actual space operation.

(3) The "raw" data are reduced to tenperature units using
the sanme hot and cold on-board calibration targets and
al gorithm exceBt that a cryogenic tar%st may be used to
sinmulate the orbital cold target and the al gorithm
modi fied accordingly.

(4) Tenperature sensitivity (NEAT) is referred to the
antenna aperture.

6.2.6 Antenna Pattern Measurements

The antenna radiation characteristics of each instrunent
shal | be measured and fully docunented by the contractor. The
antenna system of the Engineering Mdel of the AMSU-A shall have
at least the measurements delineated below. The Protoflight and
all Flight nodel antenna systens shall have sufficient testing to
denonstrate the uniformty of the antenna system characteristics.
(Any desi?n changes from the Engi neering Model antenna system W | |
require a full test series.)

6.2.6.1 Pattern Center Frequency -- The antenna patterns shall be
nmeasured at the center freguency of the pass-band of each channel
for channel 1 through 8 and channel 15. For channels 9 through
14, only one frequency is required: 57290 M.

6.2.6.2 Dpynamic Range and Amplitude Accuracy -- The m ni mum
dynam c ran?e of the antenna pattern neasurenent shall be 50 ds,
and the anplitude accuracy shall be plus or mnus 3% in dB val ues
at the particular nmeasurement point to dynamc range levels of 40
dB increasing linearly to £5% at dynamic range |levels of 50 dB.

6.2.6.3 Number of Planes -- At each frequency (section 6.2.6.1),
a mni num of -two "cuts" nust be nade to obtain radiation patterns.
These "cuts" shall be the principal plane of the antenna (plane of
symetry of the antenna), and a plane 90" fromthe principal plane.
Al'l planes shall contain the antenna main beam axis.

6.2. 6.4 Measurement Polarization -- For all channels, each "cut"
shal | be made at two pol arizations: 0° and 90° (Note: The 0"
degree is parallel to the principal direction of polarization at
the boresight (beam center) of the beam position in question.)

6.2.6.5 Angular Range and Interval -- Each pattern shall cover a
total angular range of 360° i.e., plus and m nus 180° from
boresight.  The angular intervals shall be a maxi mum of one-
fifteenth (1/15th) of the antenna HPBW i.e., 0.22"'.

6.2.6.6 Beam Positions Required -- The antenna pattern

measurements shall be nade at earth view beam positions 1, 15, and
30, and the primary cold calibration position.
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6.2.6.7 Iuneable Short Test

Eosonly -- The tuneable short test is required so as to
bound the allowable contribution of LO |eakage reflection. The
pass/fail criteria is such that the greater the return loss of the
antenna, the nore LO | eakage that can be tolerated so as to
mai ntain a maxi mum 0.6~ variation/error in the absolute
cal i bration.

The pass/fail criteria shall be determned as foll ows:

Determine the "worst case" delta return |oss using both the
anpl i tude and phase of the return loss. To do this, the antenna

reflection coefficient shall be neasured at all beam positions
including calibration positions. These neasurements shall neasure

the anplitude and phase of the antenna reflection coefficient Ar.

Using the neasurenents of Ay, the actual value of Ar is nost
easily obtained by plotting the numerical val ues on a polar
diagram  For exanple, given two neasurenents of anplitude, (a)
[indB relative to a short] and phase, 6 for the antenna, the
numerical values a = 10 [a/20] and woul d be plotted as bel ow, then
Ar IS equal to one half the maxi mum value of b for any pair (i,3)
of neasurenents.

——

Uilizing the maxi mum value of b (‘worst case") for any two
measurenents, the maxi num allowable value for Ts shall be:

Ts =12/b

6.2.6.7.1 Test Requirements

ECS PFM only -- Al AMSU-A receivers shall undergo a tunable
short test and the results fully documented by the contractor.
The test shall include at |least the follow ng procedures:

(1) The antenna(s) (feed norn(s)) shall be replaced b

a
tunabl e short at an interface plane as close to t%e f eed
horn out put as possible.
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(2) The short shall be noved at |east one wavegui de
wavel ength, stopping at a mninumof 10 positions.

(3) The short shall be positioned for maximum and m ni num
channel radionetric output.

(4) The test shall be perforned at the nominal operation
t enper at ur e.

(5) The peak-to-peak difference between the maxi num and
m ni num output levels (in K units), for an acceptable
unit, shall be dependent upon the worst case return-|oss
of the antenna system (nmeasured at all beam positions;.
30 earth scenes, 4 cold calibration and 1 warm

cal i bration positions).
6.2.7 Results of Tests

The results of all tests delineated in this section shall be
included in the test and calibration |og book(s) to be delivered
wi th each instrunent.

6.2.8 M scell aneous_Test Requirements

6.2.8.1 Life Testing -- The contractor, wth TO concurrence
shal | identify those conponents and/or assenblies that should be
life tested to insure confidence in their operation for the
instrunent life.

6.2.8.2 Spacecraft Integration Test -- The contractor shal
define a functional test for the AMBU-A using the STE, for use
after delivery to the spacecraft contractor's facility. This test
will be used after any storage period, prior to integration, and
during spacecraft system |evel testinP to insure that the
instrument is performng satisfactorily.

6.3 SYSTEM CALI BRATI ON REQUI REMENTS
6.3.1 General

The determ nation of the system output versus scene
brightness tenperature of each channel will be the nost _
conpr ehensi ve test of the system design and perfornance. This
test must be caPabIe of producing the information required to
generate the calibration au?orithm (section 3.5.2.3) necessary for
processing the data gathered in orbit. It is also required that
all tenperature and voltage nonitors be calibrated.

6.3.2 Results of Calibrations
The results of all tests and calibrations shall be summarized

by the contractor in the calibration log book(s). The information
l'1sted bel ow shall be derived fromthe calibration data:
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(1) Tenperature sensitivity- (NEAT) of each channel

(2) Standard deviation of individual calibration points from
the best fit calibration curves for each channel and

each calibration

(3) Calibration ofin-flight calibration blackbodies in
terms of effective brightness tenperature versus
tenperature monitor bit outputs.

(4) Calibration curves of all thermstors.

(5) Calibration curves of all platinum tenperature sensors.
(6) Calibration curves of all voltage nonitors.

(7) Tenperature stability data for the instrunent.

(8) Beamprofile in the far field for each channel

6.3.3 System Calibration Test Requirements

6.3.3.1 CGeneral -- The systemcalibration test program shal
produce the information required to evaluate the orbital
measurenent with a NEAT precision equal to or better than the
required values listed in Table 1.

The calibration environnent for the instrument shall simulate
the mssion thermal radiation environment. The instrument shall
be tested with its full conplenent of shields and insulation.
Calibrations shall be nade at selected instrunent/spacecraft
interface tenperature, instrunent internal operating tenperature,
and external (Earth view) calibration target tenperature
conbinations listed in Table 2A.  (The Earth target shall be
cooled to 84 K at the start of the calibration run and stepped
through the internediate target tenperatures to 330° before the

Table 2A.  Calibration Test Parameters
(I'nstrunent/Interface Tenperature Conbinations)

i Projected High Projected Nominal
Projected Midpoint between Projected Nominal
H gh and Nom nal
3 Proj ected Noni nal Projected High
4 Proj ected Nomi nal Projected Nom na
5 Proj ected Nom nal Projected Low
i 6 Proj ected M dpoint between Proj ected Nom na
| Nom nal and Low
7 Projected Low |Projected Nominal
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interface/instrument test
Cal i bration cycles shall

tenperature conbi nation is changed.)
L. conducted as listed in Table 2B.

Tabl e 2B. Calibration Test Paraneters

(Test Matrix)

jCYCLE #1
84
105
130
155
180
205
230
255
280
305
330

ey
B D B¢ D¢ B¢ D B D X b 5

2 5 D¢ B B B¢ D X X X
5 5 54 % B¢ B ¢ D B X X
5¢ B¢ B¢ D B B X B X X N

FLI GHT MODEL

>

305
=

CYCLE #2
84

130

180

230

280

CYCLE #3
84
130
180
230
280
330

A sufficient

identical for

al |

»
b

5B > M X X #<x><x

P -
MO XK XK X

’Ant On-Orbit Scan,
| Target Hysteresis,
1Short Term Gain,

Thermal Decoupling

Redundant PLLO
(PLLO #2)

77Pr1méry PLLO
(PLLO #1)

nunber of i ndependent
channel s) shal

sanpl es (not
be taken to assure an effective
tenperature sensitivity (standard deviation of

necessarily

t he neasured nean

fromthe true nean) of 0.03 K or better (one-tenth the calibration
repeatability requirenent).
The target tenperature shall be set to within 1 K of its

presel ected value and stabilized sufficiently to neet the
following target tenperature requirements (the target tenperature
is determned fromthe nmean of platinum sensors inbedded in it):
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During the period that calibration data is taken, the indicated
tenperature change of each platinum sensor taken individually
shall be less than 0.1 K f any platinum sensor indicates a

target tenperature change in excess of 0.1 K, all data for that
run will be discarded.

The instrunent/spacecraft interface tenperature shall be set
toowithin 1 K of its presel ected value and stabilized
sufficiently such that during the data run for any given target
tenperature if the interface tenperature varies by nore than #*1 K
all data for that run will be discarded.

The instrument internal tenperature shall be taken at one
point within the instrument where there is a flight tenperature
sensor. The tenperature shall be set within 1K and stabilized
sufficiently such that during the data run for any given target
temperature, if the instrument internal tenperature varies by nore
than 1 K (controller cycling anplitude shall be fo5K), all data
for that run will be discarded.

6.3.3.2 Special Test Requirements

(1) Test cycles 1 and 3shall include a test wherein the
instrunment antenna scan system is operated in the "on
orbit full scan node". This test shall be nmade at al
test combinations with the Earth target at 84 K.

(2) The instrument shall be calibrated with both the
primary and redundant Phase Lock Loop Oscillators (PLLO)
operational. Primary PLLO shall be used during Cycle 1
and 3 test for EOS PFMonly, and Cycle 1 for all” other
model s.  Secondary PLLO shell be enployed for the Cycle
2 test only, for all nodels.

(3) At conbination #4, a target hysteresis test shall be
performed wherein the external calibration (Earth)
target shall also be stepped from 330 K to 84K in
approximately 25°k increments. This target hysteresis
test shall be performed only on the PFM and only during
the first calibration cycle.

(4) The short termgain fluctuations ﬁdelta G over G) shall
be determned for all channels utilizing the EOS PFM
instrunment test tenperature comnbination #4, test cycle
#1 only, target tenperature set at 330 K

(5) Using the PFM the instrument/spacecraft interface

thermal decoupling shall be determ ned using test
conbi nati ons #3, #4, and #5. This test shall be

included during test cycle 1 with the Earth target set
at 305 K
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7.0 SOFTWARE REQUIREMENTS
7.1 GENERAL

Eosonly -- The software shall be consistent with the ECS
Sof tware Acqui sition Managenent Plan (422-10-04). Al software
shall be inplemented in nodular formwth a descriptive functiona
title given to each nodule. Al software nodules shall be well
coment ed. A conprehensive list of variables, paraneter,
constants, labels, and entry points with definitions shall be
mai ntained for each nodule in a User's Quide. Flow charts,
| abel ing description, and their docunentation shall be maintained
for each nmodule. Software assurance requirements shall be in
accordance with the PAR  The instrument flight software
interfaces with the spacecraft shall be designed to be conpatible
with the capabilities described in the docunents contained in
Section 2. Al software which is required for operation and
calibration through ECSDI' S shall be conpatible with that facility.

7.2 I NSTRUVENT FLI GHT SOFTWARE/ FI RMAARE

_ ECS onIK -- The contractor shall design and provide in the
instrunent the capability to operate in the nodes defined in
Section 3.1.2.

7.3 | N-FLI GHT OPERATI ONS SOFTWARE

ECS only -- The contractor shall provide software to
acconplish the following on the STE, software for all itens shal
be in a higher order |anguage which is transferable with m nimal

effort to ECSD S:

(1) Instrument engineering and performance data anal ysis.
(2) Quick look engineering data analysis and display.

(3) Calibration. (Provide calibration algorithms and
procedures.)

7.4 | NSTRUMENT GROUND SOFTWARE

ECS only -- The contractor shall design and provide al
ground support software necessary to operate, test, and calibrate
the instrument at the contractor's facilities, and at NASA
facilities using contractor-supplied GSE.

This software shall support instrument verification
integration, nonitoring of performance, ground operations, as well
as supporting evaluation of data acquired during S/C integration
Software that interfaces with the spacecraft contractor's test
equi pnent shall be witten in ESTOL
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6.4 SYSTEM QUALI FI CATI ON ACCEPTANCE REQUI REMENTS

The contractor shall Perform such tests as delineated in the
PAR and Table 3 so to develop a high degree of confidence that the
AVBU- A can performits mssion wwth a mninumrisk of failure or
out-of -tol erance operation. The engineering nodel shall be
exposed to qualification |level and qualification duration tests.
The protoflight nmodel is intended to be the first operational
instrument and shall be exposed to qualification level and flight
duration test. Al "flight" nodels shall be exposed to flight

| evel and duration tests. Al qualification and/or acceptance
testing shall be observed by the TO or his appointed
representative. EM/RFI testing of the Engineering and
Protoflight Mdels shall be perforned as per the Perfornmance
Assurance Requirenents.

METSAT only -- EMI/RFI testing for the Flight Mdels shall be
performed only at those frequencies delineated in the G1S and the
U1S as affecting the Search and Rescue System A full EMI/RFI

test series shall be perforned on the Flight Mdels if a design
change is made fromthat as tested on a previous nodel.

ECS only -- EM/RFI testing shall be as specified in the
G RD.

Table 3. Instrument Testing

 PERFORMANCE TEST ECS PFM

Subassembly Function

Assembly Function

Module Function

Instrument Calibration

QUALIFICATION/ACCEPTANCE TEST EO

Ther mal / Vacuum

Vi bration/ Acoustic
Morment um Conpensat i on
EM / RFI

Magnetic Field

Accel eration

Thermal Balance
I e

* First instrument of this series.
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7.5 COWAND LIST AND DESCRI PTI ON

ECS only -- The contractor shall provide a Command List and
Description document containing descriptions and lists of all
comrands and conmand sequences necessary for operation of the
instrunent, to enable EOCSDIS to generate and validate commands for
in-flight or ground operation.

7.6 SOFTWARE

METSAT only -- The contractor shall generate all required
conputer programs which will be used in the processing and
interpretation of the test and calibration data. These shal
i ncl ude, but not necessarily be Iimted to the followi ng: an
instrument calibration program a field-of-view program and a
limts program
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APPENDI X A
GLOSSARY OF TERMS/ ACRONYMS LI STI NG

Anal og/ Digi t al
At nospheric Infrared Sounder
Advanced M crowave Sounding Unit

Cel si us

Command and Data Handl i ng
Configuration Change Request
Critical Design Review

d ockw se

Deci bel
Direct Current
Department of Defense

El ectronic Industries Association
El ectromagnetic Interference
Earth Cobserving System

ECS Data Information System

FI i ght Mbdel
Field of View

CGeneral Environnental Verification Specification
Goddard Handbook

G gahertz

CGeneral Interface Requirenents Docunent

Ceneral Interface Instrument Specification

d obal Positioning System

G ound Support Equi pnent

Goddard Space Flight Center

Hal f - Power Beamai dt h
Hertz

Interface Control Docunent
Interface Description Docunent
Iitermediate Frequency

Kel vin

Ki | ogram
Ki | ohertz
Ki | onet er

A
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LO
LSB

ma
MHS

MH2z

M L- STD
s

NASA
NEAT
NHB

Nl ST
N-m set
NOAA

PAR
PDR
PFM
PPL

RF
RFI
RH

S/C
SNR
STE

Tl ROS
evi si on
TO

Uulb
UIIS

vDC

W

S~-480-80 " ¢

GLCSSARY OF TERMS/ ACRONYMS LI STI NG (Cont’d)

Local Oscillator
Least Significant Bit

M I |ianperes

M crowave Hum dity Sounder
Megahert z

Mlitary Standard
MI1lisecond

National Aeronautics and Space Adm nistration
Noi se Equival ent Tenperature

NASA Handbook

National Institute of Standards and Technol ogy
Newt on- net er - second

National COceanic and Atnospheric Adm nistration

Performance Assurance Requirenents
Prelimnary Design Review

Prot of [ i ght Model

Preferred Parts List

Radi o Frequency
Radi o Frequency Interference
Relative Humdity

Spacecr af t _

Signal / Noi se Ratio

Speci al Test Equi pnent

Tel

Infrared Qperational Satellite
Technical O ficer

Uni que Instrunent Interface Docunent
Uni que Instrument Interface Specification.

Volts - Direct Current
Watts
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The total scan period for 30 earth view resolution cells (one
sanpl e period each) and two calibration target resolution cells
(one got and one cold with two sanple periods each) shall be 8
seconds.

3.7.3.3 Scan Synchronization

METSAT only -- The Spacecraft AMSU Information Processor (AIP)
will provide the AMBU-A with a frame synchroni zati on pul se (FSP)
once every 8 seconds. Upon receipt of the FSP, the antenna(s) O
t he AMSU-A shall be at cell #1 (as shown in Figure 5) ready to
begin a sanple period, and the AMSU-A shall begin its scan
sequence which sanples the 30 earth fields-of-view, the hot
calibration target, cold space, and returns to FOV cell #1, and be
ready to begin the next scan exactly eight seconds later. At the
recel pt of the next FSP, the sequence repeats. Wthin the earth
fields-of-view sector of the scan, all antennas shall be commanded
to step simultaneously (maximum 1 ns differential, noncumul ative).

ECS only -- The AMBU-A shall receive time information fromthe
spacecraft command and telenetry bus as specified in section 6.5.7

of the G RD.

3.7.3.4 Beam Pointing Accuracy -- At each beam position, in both
the scan (crosstrack) and the spacecraft velocity (downtrack)
directions, the beam pointing accuracy, defined as the difference
between the intended and actual beam el ectrical boresight
directions, when nornalized to the nmean of the wi ndow channel

el ectrical boresight directions (channels 3, 4, and 15 for nodul e
Al: channels 1, 2 for nodule a2), shall be better than £0.2° with
a know edge of +0.1°.

The beam scan angl e of every beam position, 30 earth view ng
and two calibration viewi ng positions, shall be digitized (12 bit
m ni mum accuracy) and nultiplexed with the corresponding
radi ometric value. The digitizer used shall be designed to give
position readout anywhere within the 360° rotation.

The alignnent of the AVMSU-A beam el ectrical boresight axes
shall be measured with resPect to an optical alignment cube. (The
optical alignment cube shall be visible on the nadir side and a
| ateral velocity or anti-velocity direction for verifying
al ignment on the spacecraft. The optical cube(s) shall Dbe
pernmanent|ly attached to the instrunent and shall not interfere
with the instrument operation.) The beam electrical axis, wth
respect to the instrunent optical alignnent cube and the
instrument nounting surfaces, shall not be changed by nore than
+0.05° as a result of any testing.
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3.7.4 Beam Efficiency

The antenna beam efficiency shall be 95% or better. This
requirenent shall be net at all frequencies and all beam
positions. For the purpose of this specification, beam efficiency
I's defined as the ratio of the energy received within the dianeter
of the "main lobe" to that of the total energy received by the
antenna. The "main lobe" is defined as equal to 2.5 times the
HPBW  In determning the beam efficiency, the antenna is assuned
to be in a radionmetrically isotropic environment, i.e., the
brightness tenperature is the sane from every direction

3.8 ANALOG TO DI G TAL ELECTRONI CS
3.8.1 General

~The analog to digital electronics_shall consist of a
nul tiplexer and 15 bit A/D converter The allocation of the 15
bits vs. antenna brightness tenperature is presented in Figure 6.

3.8.2 Multiplexer

The multiplexer shall not introduce a voltage offset or other
errors sufficient to degrade the overall A/D conversion accuracy
beyond 0.1% of full scale.

3.8.3 Analog-to-Digi 1 Converter

The accuracy of the A/D converter at 15° C shall be plus or
mnus 1 LSB maxi num al | owabl e error. In addition, the
differential nonlinearity (the bit-to-bit variation) shall not
exceed plus or minus 1 bit. Over the instrunent mounting
foot/basepl ate tenperature range of 0° Cto 30° C the nmaxi num
al lowabl e error shall not exceed *1 LSB

3.8.4 Indevendence of Measurenents of Each Channel

The output signal presented to the A/ID for each channe
sanpl e period shall ‘beindependent of past signals in that channe
and signals in other channels. The output of each channel sanple

eriod shall not be in error by nmore than 0.01% (of full scale)
ecause of any previous signals in that channel or crosstalk from
ot her channel s.
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3.9 HARDWARE MODEL REQUI REMENTS
3.9.1 Protoflight Model

The Protoflight Mdel (pFM) is the first nodel which
under?oes the entire test and calibration program |t undergoes
qualification test conditions and, after any necessary
refurbi shnent, will be flown on the first EOCS PM Spacéecraft.

3.9.2 Elight Model

Flight Mdels (FM are built and tested to satisfy all
contractual requirenents. It undergoes acceptance test conditions
and is flown on an ECS or METSAT spacecraft.
3.9.3 Drill Template

ECS only -- Drill tenplates shall be supplied for use in
aligning the instrument nDuntin% hol es on the spacecraft. The
tenplate shall conformto G RD Section 3.4.5.

3.10 MATH MODEL REQUI REMENTS

3.10.1 Radiometric Math Model

ECS only -- A Radionetric Math Mdel is an analytical node
used to:

(1) Evaluate the end-to-end radionetric performance of the
AVBU- A | nst runent

(2) Conduct sensitivity anal yses
(3) Determ ne absolute and relative calibration accuracies

(4) ldentify major error contributors which can be elim nated
during the design phase

(5) ldentify inpact of error budget trades

(6) Assess instrunment perfornmance in terns of Signal/Noise
Rati o (SNR), NEAT, stability in orbit, etc.

The nodel shall be related to actual test and calibration
data; the model shall be updated and refined—during the course of
the AVBU- A devel opment program until it sinulates 1nstrunent
performance accurately.

Also to be included in the nodel are on-board and pre-flight
ground | aboratory calibration algorithnms and a data book that
contains all gertinent measured data required by the calibration
al gorithms. he on-board calibration algorithns are used al ong
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with ground calibration data to denonstrate that _the absolute and
rel ative radiometric accuracies are being net. The on-board
calibration algorithnms are deliverables, in a formsuitable for
incorporation into the Earth Cobserving System Data and |nformation
System (EQSDI S), which convert fromdigital counts to calibrated
spectral radiance based upon all on-board calibration devices.

The calibration data shall also be provided in a mutually agreed
upon conputer-conpatible form

~The radionetric math nodel may be a coherent conpilation of
multiple nodels or software packages.

3.10. 2 Structural Math Mbhdels

Structural Math Mbdels in accordance with Section 11.1 of the
G RD are required as instrunment deliverables. A Structural Mth
Model is a nunerical nodel used to evaluate the structural
performance of the instrunent's prinmary and secondary structure.
The instrument modelwill be integrated with the other observatory
model s for coupled loads analysis. |f the conplete instrunent
nodel contains nore than 500 dynam c¢ degrees of freedom then a
reduced version of the nodel shall be provided. These nodels
shall be verified, and refined as required, after conparison wth
vibration test data, to neet the correlation levels that are
specified in the G RD

3.10. 3 Thermal Analytical Models

ECS only -- Surface Analytical Mdels and Thermal Anal yti cal
Mbdel s, in accordance Section 11.2 of the GRD are required as
instrunent deliverables: These analytical nodels are used to
eval uate the thermal performance of the instrument. The surface
nodel shall be conposed of less than 50 nodes; the thernmal nodel
shal | be conposed of |ess than 100 nodes. The Thernmal Anal yti cal
Mbdel shall have sufficient detail of all subsystems and critical
interfaces to accurately predict absolute tenperature, tenperature
gradi ents, and-heat flow between nodes and interfaces. These
rmdelz shall be verified and refined after conparison with thermal
test data.

METSAT only -- The Thernmal Mdel will be in accordance with
ECS G RD Section 11.2.

4.0 AVBU-A | MPLEMENTATI ON
4.1 GENERAL

METSAT only -- The AMBU- A shall consist of two physically
separate nodules, to be called amMsu-Al and AVSU-AZ, nounted
externally on the Equi pment Support Mdul e (ESM) of an Advanced
METSAT-N (ATN) spacecraft. Interface between the AMSU-A and the
spacecraft shall be as defined in the GI1S and the UIS and the
subsections of this section.
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4.6 THERVAL REQUI REMENTS
4.6.1 GCeneral

The AVBU-A shall be designed to insure that the critical
conponents (such as:  orthonmode transducer, m xer/local o
oscillator, |F anplifiers) shall stay within tenperature limts
that will insure satisfactory operation of the instrument.

4.6.2 Spacecraft Thermal Interface

The AMBU-A shall be thermally independent of the spacecraft
interface to the fullest extent possible. The AVBU-A shall be in
thermal contact with the S/C through the mounting feet only, and
the design shall be such that there will be a maxi num heat flow
bet ween each AMBU-A nodule and an S/C as defined in the UIS and
Section 4.3 of the G RD

4.6.2.1 active Thermal Control -- The thermal design of the
instrument shall utilize, to the fullest extent, heat transfer to
space for thernal control

Heater power nay be required for operation in the activation
node, operational node, safe node, or survival node. The heater
power nust be counted asLPart of the AVSU-A power budget and shall
not exceed the U ID and U IS allocation. The power necessary to
naintaimjthe instrument during safe node operation shall be
esti mat ed.

4.6.2.2 Ppassive Thermal Control -- The conductive heat transfer
t hrough the AVBU-A nounting feet shall not be used as the prinmary
heat flow path. The contractor shall be responsible for the

design and shall suPpI all instrunent thermal blanketing which
may be required. Blanketing to interface with the spacecraft
bl ankets will- be supplied by the spacecraft contractor.

4.6.2.3 Environmental Fluxes -- Because the sun angle, defined as
the angle between the satellite to sun line and the normal to the
orbital plane, may vary fromo0° to 80° for METSAT, 12° to 32° for
ECS, the instrument may be exposed to solar radiation. The
inséyunEnt must operate within specifications under all the above
condi ti ons.

During the launch and orbital acquisition phases, the
instrunent will be exposed to |aunch vehicle shroud heating,
aerodynam ¢ heating, and sun angles different from those expected
durin% the orbital phase. In addition, there may be a period of
tine before turn-on when the instrument is fully eclipsed.
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4.6.3 Design Requirements

4.6.3.1 Nom nal _Qperating Temperature -- The nom nal baseplate

énnuntlng foot) tenperatures seen by the AVSU-A are defined in the
IS and the UIS for METSAT and for ECS +30°C to 0°C. The AMBU A

shall neet all performance requirenents of this specification,

I.e., be calibrated, over the entire range.

4.6.3.2 Nominal Relative Humiditv Range -- The radi ometer antenna
reflector shall be designed to withstand exposure to a relative
humdity of 95% at 30 degree C for 24 hours unless a waiver is
requested of and granted by the TO  The instrument shall also be
designed to withstand operation in an environment whose relative
humdity may be as high as 60%.

4.6.3.3 Survivable Temperature Range -- The AVMBU-A shall be
built to survive periods in storage and in-orbit during which the
instrument will be subject to tenperature extrenes of -20°C to
+50°C. At these tenperature extremes, the instrunment shal

survive w thout degradation or failure. However, at these extremne
tenperatures the instrument need not perform within the

speci fication.

4.6.3.4 Standbvand Launch Phase Mode Heating -- The contractor
shal | provide a heater system Peratlng from the spacecraft nmain
power bus, to keep the instrument tenperature as close to
operational tenperature as possible. The heater system can be
used in all operatlng modes as required, prOV|ded its power
dissipation is included in the instrunent"s total power budget.

4.6.3.5 Ihermal Monitoring -- Al critical conponents (orthonode

transducer, m xer/l ocal 050|Ilator, IF anplifiers) shall have

t hermal sensors whose output shall be included in the instrument
data stream A separate and redundant thermal nonitoring network
shall be interfaced with the thermal control system
(heater/louver). Al thermal sensors shall have calibration
traceable to the National Institute of Standards and Technology
(NIST). These tenperature nonitors shall provide know edge of the
tenperature to 20.5 degrees Kel vin.

4.6.3.6 Thermal Interface Control Drawings -- The AMSU-aA
?orrractor shal |l provide Thermal Interface Control Draw ngs as
ol | ows:

(1) Be scalable with reference di mensions and show
orientations of surfaces relative to spacecraft axes.

(2) AIl external surface coatings and materials shall be
| abel ed. Include a table of thermal properties and
variations assumed for surfaces. FEffective emittances oOfr
conductances t hrough bl ankets shall be noted.

(3) Aview of all faces of the instrunent should be shown
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(4) Details of the nmounting interface shall be shown, such
as:

(a) Nunmber and sizes of nounting feet or surfaces in
contact with spacecraft

b) Materials used asisolators and dinensions

C) Conductances assuned

(5) Indicate significant structural material used.

(6) Indicate |ocations and amounts of power dissipated. A
power summary or profile should be included which gives
power variations for all nodes of operations.

(7) Indicate all heater locations and dissipated powers for
the heaters.

(8) Indicate all analog telenetry thermal sensors |ocations,
Specify a control or reference thermal sensor for which
tenperature limts, as defined in the UIS and IDD, are

appl i cabl e.
(9) The drawing must illustrate how the instrument thermal
bl ankets will interface with the spacecraft bl anket and

t he AMSU- A har ness bl anket .
4.7 ELECTROVAGNETI C | NTERFERENCE

The ANVSBU- A nodul es shall be designed to operate
satisfactorily w thout nutual interference and nornal
el ectronagnetic interference (EMI) aboard the spacecraft onto
which the AMBU-A will be integrated.

Standard techniques (ML-STD-461 and M L-STD 462 as nodified
inthe GI1S and the UIS) shall be used to insure that the AVSU- A
is not susceptible to EMI or generates EML that would cause
degradation of other electronic equipnments during prelaunch,
| aunch, and post |aunch operations.

The nodul es of the AMBU-A shall not interfere with each
other, particularly by a chan%e in value of mcrowave brightness
tenperature, of greater than 0.25 K in the data channels outputs
of the AMSU A

4.8 SPACE RADI ATI ON DCSE LEVEL
The AMBU- A performance shall not be degraded when operating

on the spacecraft in a space environnment with particle radiation
level s as defined in Section 10 of the G RD.
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4.9 ANVBU- A/ SPACECRAFT | NTERFACE

The interfacing between the AVBU-A and a Spacecraft is
governed by the G RD, GIIs, UISs that is prepared by NASA/ GSEC
and is revised only through NASA/ GSFC change control board. The
G@RD, UID dIS UISs variances, unique to the AVBU-A are
contained in an I1CD. Detailed mechanical, electrical, and thernal
interfaces of the AMSU-A will be maintained by the spacecraft
contractor in coordination with the AVMSU-A contractor and GSFC

5.0 GROUND SUPPORT EQUIPMENT REQUIREMENTS
5.1 ' GENERAL

The AMBU-A G ound Support Equipnent (GSE) shall conprise the
uni que equipnent required to handle, test, check, and calibrate
the AMBU-A as well as all equipnent required for spacecraft
integration, functional operation, and checkout during spacecraft
system | evel testing.

5.2 SPECI AL TEST EQUI PMENT
5.2.1 General

The Special Test Equi pnent (STE) shall be used to operate the
AVSU- A during performance verification and calibration testing at
the AVBU-A contractor's facility. It shall also be used at the
spacecraft contractor's facility for instrument functiona
testing. It shall provide power, clock, command and telenetr
interfaces which are nornally furnished by the spacecraft. e
STE shall be capable of recording and analyzing the data received
from the AMSU-A. The contractor shall denonstrate and docunent the
accuracy of the STE

5.2.2 Requirements

(1) The automated data system shall be capable of "rea
time" data analysis during testing and shall provide
print out of the results and a continuous magnetic
recording of all processed data. The option shall be
avail able to provide a continuous magnetic recording of
all data as received fromthe instrument in place of/in
addition to the processed data. The automated data
system shal|l also be capable of reading a S/C Contractor
"History Tape" and perform ng data analysis of the AMSU-
A data contained on the tape.

(2) Upon selection, the STE shall provide a neans of
decommut ati ng any word or channel data set in the AVBU A
output bit stream and displaying the total decimal count
and its channel identification on a suitable display.
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A nodul e shall consis. Of tre antenna systen(s), associated

m crowave and electrical circuits, including the radiometers'
ADCs, power supplies, and spacecraft interface circuits for that

modul e.  Each nodul e shall operate independently of the other
modul e.

ECS only -- The scientific data from each nodul e shall be
interfaced wth ECS PM spacecraft CCDH System
4.2 LIFE

it The AVSU-A will be continuously operated during its mssion
ife.

4.2.1 Storage Life

The AVBU-A shall be designed to neet the requirenents of this
specification after a total storage period of up to 5 years either
in a unique storage container or installed on the spacecraft. Age
sensitive parts, materials, and conponents shall be identified.
Storage containers shall also be the shipping containers. Methods
and requirenents for storage shall be supplied by the contractor.

4.2.2 Mission life

The AVBU- A shall be designed for a 4-year operational life; 3
years (goal 5 years) continuous in-orbit plus 1 year spacecraft
Integration and test plus up to 5 years storage. The calcul ated
probability of the AMSU-A functioning totally after three years
in-orbit shall be 70% m nimum for nodule Al (assumes inclusion of
a redundant |ocal oscillator for channels 9-14) and 84% for nodul e
A2.

4.3 SINGLE-PO NT FAI LURES

Best avail able design techniques for mnimzing single-point
failures are required. Analyses of designs to substantiate trade-
of f concl usions of redundancy and backup operating nodes versus
power, weight, and cost are to be perforned. See the "Perfornance
Assurance Requirenents for AMSU-A', S-480-79.

4.4 ELECTRI CAL REQUI REMENTS
4.4.1 Groundina and Shielding

The grounding and shielding requirements for the AVBU-A
circuits and the electrical interface between the AMSU-A and the

METSAT/NOAA spacecraft are included in the GIS and UIS and for
the ECS spacecraft in the G RD section 5. 3.
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4.4.2 Connector Requirements

The connector requirenents for the AVSBU-A circuits and the
el ectrical interface between the AVMBU-A and spacecraft (for
METSAT) are defined in the GIS and UISs. For the EOCS spacecraft
connectors are defined in G RD section 5.4.5.

4.4.3 Power System

The AMSU- A subsystem power supply shall provide all power
required to operate the instrunment as specified in the METSAT
AdlS, UISs and in the ECS G RD section 5. 2.

4.4.4 AMSU-A Clock and Command Requirements

METSAT only -- AMBU-A input timng and control signals are
defined in the GIS and the UIS. The AMSU- A shall operate
synchronously with reference to the clock furnished from the
spacecraft.

ECS only -- AMBU-A shall receive tine information from the
spacecraft command and Telenetry Bus as specified in section 6.9.7
of the G RD.

4.4.5 Data System

ECS only -- The data system for the AMBU-A shall consist of
circuitry needed to output all of the channels, tenperature and
voltage nonitors, and general status information. Al of this
information shall be fed out to and controlled by the Spacecraft
C&DH Subsystem A conplete description of the Spacecraft
telemetry system can be found in Section 6, "Command and Data
Handl i ng Requirenments" of the G RD

4.4.6 Test Podints

Ceneral test points shall be provided in each AMSU-A nodul e
to permt selected signals within the AMSU-A to be nonitored while
the unit is under test on the bench or on the spacecraft to insure
conformance with the specifications. The contractor shall
determne the test points with the concurrence of the TO The
AMSU- A shall operate within specification while a test point is
short ed. The requirenents/characteristics of the test points are
defined in the AIS and the UIS and in the G RD section 5. 6.

4.5 MECHANI CAL REQUI REMENTS
4.5.1 Mechanical Outline and Weight Limits

The AVBU-A shall conform t< the envel ope dinensions, weight,
nonents of inertial/disturbance torque, and center of gravity

location as defined in the UIS for METSAT and.inthe UID and | CD
for ECS.
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4.5.2 Mounting of the AMSU-A

METSAT only -- Munting of the AVSBU-A shall be in accordance
with the locations, hole |locations and sizes, mounting-
plate/bracketry size and finish, and all tolerances as defined in
the vriss for METSAT and ICD for ECS. The AVBU-A contractor is

responsible for furnishing handling fixtures and drill fixtures as
wel|l as for the materials conpatibility. Drill fixtures shall be
used for drilling all nounting holes Into the AMSU-A, spacecraft

mounting, and sinulated spacecraft nounting structure.
4.5.3 Scan Mechanisms

The scan nechani sm shall conply with the requirenents of the
fol | ow ng:

4.5.3.1 Torque Margin -~ The torque capability of the drive
motor (s) and any other conponents in the scan mechanisns shall be
sufficient to performtheir proper function when the frictional
torque is three times the worst predicted case. This includes
wor st - case conbi nations of environment (particularly tenperature
extrenes), tolerances, |ubricant contam nation and/or evaporation,
and ot her possible degradation at the end of the specified
operational peri od.

4.5.3.2 Motor Stall Vulpnerability -- The drive notor(s) shall not
be damaged if powered with start-up currents under |ocked rotor
conditions in an air or vacuum environnent for 30 m nutes. The
drive notors shall not be damaged by any avail abl e shut down node
or sequence.

4.5.3.3 Mator Tvpe -- Mtors shall not use brushes or contacting
position sensors.

4.5.3.4 Shaft "Encoder8 -- The shaft position digitizer shall be
a noncontacting design. If the digitizer selected is an optica
encoder, solid-state redundant |ight sources shall be utilized.
Filanment type |anps are not acceptable.

4.5.3.5 Shaft_Drive systems -- Scan drive systens shall be

anal yzed and tested to ensure that steﬁ and settle characteristics
(l'inearity for continuous scan) neet the appropriate system error
budget. ( osed-1oop scan systens shall have stiffness adequate to
insure pointing performance in the presence of at least three
times the expected nmaxinum frictional torque and stability margins
equivalent to 12 dB gain margin and 25 degree phase margin.

4.5.3.6 caging/Deployment -- Caging of any subassenblies of the
AVBU-A is not desired. However, if caging is necessary when the
AMBU- A or spacecraft is transported, the spacecraft is |aunched,
or during environmental testing, the caging device shall not

require power to maintain the caged position. Uncaging shall not
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constitute a single-point failure. Caging shall be acconplished
\é\a t_houéI AVSU- A di sassenbl y. Depl oyabl e assenbl i es are not
esired.

4.5.3.7 Pyrotechnic Devigces -- Pyrotechnic devices shall not be
used; only electronechanical devices are acceptable.

4.5.4  Bpccessibility and Maintainability

4.5.4.1 Accessibility -- The design of the AVBU-A shall permt
easy nmodule level accessibility to test points and conponents
(i.e., local oscillators, mixers, etc.) that may require _
adj ustment.  Accessibility shall be considered through integration
checkout of the spacecraft.

4.5.4.2 Maintainability -- Special tools for servicing or
adjusting the AMBU-A, if required, shall be a part of the
delivered instrument. Renovable parts, such as subassenbli es,
wave- gui de conponents, and connector savers, shall be keyed to
insure proper reassenbly and alignment.

4.5.5 Pprotection and Handling

The sensitive parts of each nodule, such as scanning
antennas, reflectors, mrrors, polarization separators, etc.,
shal | have protective covers when not in use. The protective
covers shall not prevent the antenna from scanning. Each nodule
of the AVBU-A shall be handled using a "primary handling fixture"
provided by the AMSU-A contractor. Marked handling accomodations
(handl es, slings, handholds, etc.) will be used for transfer
between the primary handling fixture and any test fixtures or the
spacecraft integration fixture.

4.5.6 Magnetic Materials/Sources

Nonmagnetic materials shall be used in the construction of
the AMBU-A except for scan nmotors and PPL-20 (or subsequent)
parts. Oher magnetic materials require GSFC approval. The
magnetic fields of nagnetic sources I N subassenblies shall be
deternined (nmagnitude and direction). see the G1S and Section
10.16 of the GRD for limts.

4.5.7 Einish and Marking

4.5.7.1 Einish -- The contractor shall insure that the external
finishes applied to the AMBU-A will satisfy the mechanical,
electrical, and thermal requirenents of the spacecraft as defined
inthe GIS and the G RD.

4.5.7.2 Marking "~ Al assenblies shall be marked with the nane
of the assenbly, assenbly serial nunber, and connector
designations. = The marking shall be in accordance with
instructions in ML-STD 130.



